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1. Introduction
 In RAN1#81, there were several proposals of how to map EREG to ECCE to form an M-PDCCH comprising 24 ECCE. The goal of mapping resource elements to M-PDCCH in coverage enhancement mode is to be able to map all resource elements to a single M-PDCCH in order to be able to provide the maximum coverage enhancement with the minimum number of repeated subframes.

During offline discussions at RAN1#81, MTC interested companies identified some simulations that would help to inform the decision on the preferred EREG to ECCE mapping for M-PDCCH [1]. This document provides simulation results comparing distributed and localized mappings for 24 ECCE M-PDCCH, as suggested in [1]. 

2. Distributed Mapping of Coverage Enhanced M-PDCCH
In [2], it is proposed to adapt the EREG to ECCE mapping of section 6.8A.1 of [4] by inserting a floor(。) function in the distributed mapping equation:
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Since the term 
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is always 0 or 1 for the MTC case, EREGs are applied to PRBs consecutively (in a circular fashion). All EREGs are mapped to M-PDCCH in all PRBs.

In [3], the following method of constructing a 24 ECCE M-PDCCH is proposed:

· A 24 ECCE aggregation level in a subframe is obtained by aggregating ECCEs of the two Rel-12 PRB sets in a narrowband
· Multiplexing DL control channel transmissions among Rel-13 low cost UEs and Rel-12 UEs in a same PRB set is supported
· Rel-12 PRB sets are re-used
· No new sizes for PRB sets are defined 
Although the method of specification of the distributed M-PDCCH in [3] is different to that in [2], the outcome is the same: the exact same resource elements are mapped to M-PDCCH and the mapping between resource elements and antenna ports is identical. From a UE implementation perspective, both proposals specify the obvious and identical mapping for coverage enhancement mode: that all EREG are mapped to M-PDCCH.

3. Localised Mapping of Coverage Enhanced M-PDCCH
As observed in [1], in the case of localised mapping for M-PDCCH, different weight vectors may be applied to the same antenna port in different PRBs. Hence the localised mapping mode for M-PDCCH can provide open loop antenna diversity for MTC UEs. The performance of the localised mapping of M-PDCCH may be worse than that of the distributed mapping since both antenna ports are never active for a UE in the same PRB. Hence the localised mapping may be more susceptible to fading in frequency selective channels.
When localised M-PDCCH is applied, in any PRB, M-PDCCH resource elements are mapped to a single antenna port. Hence only a single antenna port is used for the M-PDCCH DMRS reference signals. In contrast the distributed M-PDCCH is mapped to two antenna ports (and M-PDCCH DMRS for both antenna ports are active). Hence the total received reference signal energy for the distributed mapping M-PDCCH is greater than that for the localised M-PDCCH. This reference signal mismatch between the two mapping approaches could be alleviated by either (Figure 1):

· Specifying that for the localised M-PDCCH in 24 ECCE coverage enhancement mode, an antenna port is associated with all the available DMRS resource elements (i.e. DMRS for an antenna port are repeated in unused resource elements).

· Power boosting the DMRS resource elements such that the total transmission reference signal energy for the localised case is the same as for the distributed case. 
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Figure 1 – Reference signals for distributed and localized M-PDCCH in coverage enhancement

In this document, “localised repeated” DMRS are simulated for the localised M-PDCCH in coverage enhancement mode (Figure 1), but the performance of power-boosted DMRS for M-PDCCH is expected to be similar.
4. Simulation Results

The performance of distributed mapped M-PDCCH and localized mapped M-PDCCH when random beamforming is applied were simulated according to the simulation assumptions in appendix A. 

Figure 2 shows the performance in ETU and EPA channels when no repetition is applied. The performance of the distributed mapping is about 0.5dB better than the localized mapping in the ETU channel, since the distributed mapping is less susceptible to narrowband frequency selective fading than the localized mapping. There is negligible performance difference between the localized and distributed mappings in the EPA channel (which exhibits flatter, less selective fading than the ETU channel).
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Figure 2 – ETU / EPA performance of distributed and localized M-PDCCH with random beamforming: 24eCCE, no repetition

Techniques to improve channel estimation performance can be applied to M-PDCCH. For the distributed mapping case, the same weight vector can be applied per antenna port to multiple PRBs in a bundled PRB Group and cross-PRB channel estimation can be applied. In the localized mapping case, the number of reference symbols per antenna port per PRB can be increased (using the “localized repeated” DMRS pattern of Figure 1). Figure 3 compares the performance of the distributed and localized mappings when channel estimation improvement techniques are applied in EPA and ETU channels. For the distributed mapping case, an MMSE filter is applied, but other filters that average over PRBs in a PRB Group will also provide a channel estimation performance gain. The channel estimation improvement techniques for distributed and localized mappings both provide a gain, but a greater performance gain is available for the distributed mapping case.
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Figure 3 – Performance of channel estimation improvement techniques for M-PDCCH in ETU and EPA 
5. Discussion
The performance of the localized mapping for coverage enhancement mode is worse than that when distributed mapping is applied in frequency selective channels. Furthermore, the specification impact of altering the distributed mapping equations in TS36.211 in order to support a 24 ECCE aggregation level are not significant, hence it is proposed that:

Proposal 1: the distributed mapping equations for assigning EREG to ECCE and M-PDCCH are adapted to support a 24 ECCE aggregation level for M-PDCCH.
From a UE implementation perspective, proposals [2] and [3] are identical. Our preference is for proposal [2] as it is the most transparent.
Proposal 2: In order to support a 24 ECCE aggregation level for M-PDCCH, the distributed mapping equations for assigning EREG to ECCE are adapted by applying a floor() function in the distributed mapping equation of section 6.8A.1 of TS36.211.
6. Conclusion
This document has compared the performance of M-PDCCH with an aggregation level of 24 when distributed or localized mappings are applied. The performance of the distributed mapping for M-PDCCH is superior to that of the localized mapping in frequency selective channels, hence the distributed mapping is preferred.

The following two proposals are made:
Proposal 1: the distributed mapping equations for assigning EREG to ECCE and M-PDCCH are adapted to support a 24 ECCE aggregation level for M-PDCCH.
Proposal 2: In order to support a 24 ECCE aggregation level for M-PDCCH, the distributed mapping equations for assigning EREG to ECCE are adapted by applying a floor() function in the distributed mapping equation of section 6.8A.1 of TS36.211.
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Appendix A: Simulation Assumptions

Table 1 lists the simulation assumptions applied in this document. These simulation assumptions are based on those in [1] and [5].
Table 1 – Simulation Assumptions for M-PDCCH Channel Estimation Combining
	Parameter
	Distributed M-PDCCH
	Localised M-PDCCH

	MTC bandwidth
	1.4MHz
	1.4MHz

	System bandwidth
	10MHz
	10MHz

	Control start symbol
	2
	2

	M-PDCCH type
	Distributed
	Localised

	Aggregation level
	24 
	24

	M-PDCCH set size
	6 PRB
	6 PRB

	Precoding diversity
	Random beamforming using orthogonal precoding weight vectors
	PRB ‘n’ uses beamforming weight vector n mod 2

	DCI payload size (including CRC)
	FDD: 37 bits


	FDD: 37 bits

	Repetition level
	none
	none

	Number of transmit antennas
	2
	2

	Number of receive antennas
	1
	1

	Antenna correlation
	low
	low

	Channel model
	ETU / EPA
	ETU / EPA

	Channel speed
	0Hz
	0Hz

	Carrier frequency
	2GHz (FDD)
	2GHz

	Frequency tracking error
	0Hz
	0Hz

	Symbol timing accuracy
	Perfect
	Perfect

	Inter-subframe frequency hopping
	None
	None

	Inter-subframe channel estimation
	None
	None

	Inter-PRB channel estimation
	None, 6 PRB
	None

	Number of CRS ports
	2 (FDD and TDD)
	2

	Reference symbols
	DMRS on antenna ports 107, 109
	- DMRS on antenna port 107;

- DMRS on AP107 and repeated in unused M-PDCCH DMRS resource elements (“localized repeated”)

	Channel estimation
	LS: channel estimates averaged across a PRB;
MMSE
	LS: channel estimates averaged across a PRB

	CSI-RS
	No CSI-RS in subframe
	No CSI-RS in subframe

	MBSFN subframes
	Non-MBSFN subframes
	Non-MBSFN subframes
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